ABSTRACT In 2 experiments in Pekin ducks the inevitable endogenous ileal flow (IEIF) of AA was estimated at changing intake and source of crude fiber (CF) or soybean oil (SO) level. Also the roles of dry matter intake (DMI) and BW or age as well as the proportion of IEIF in the dietary requirement for AA were studied. In experiment 1 three basal CP (20, 60, or 100 g/kg) diets were formulated containing a low CF (LCF, 30 g/kg) or high (HCF, 80 g/kg) level; achieved with cellulose supplementation. All diets were similar in every other respect including having SO content of 40 g/kg. Four floor pens of eight 85-day-old ducks were randomly allocated to each diet. Similar diets were mixed in experiment 2 but corn cob meal replaced cellulose as the fiber source. A high SO (HSO) series was also formed by increasing the SO level from 40 g/kg in the basal series to 100 g/kg. Thus the LCF series was concurrently classified as low SO (LSO) series to control SO effect.
INTRODUCTION
Quantitative data on amino acid (AA) requirements are important to establish their bio-economic optimum for feed formulation. Physiologically, the requirement for an AA is a requirement for inevitable losses and need for production gain (Owens and Pettigrew, 1989) . The intestinal inevitable loss is best measured at the terminal ileum beyond which nutritionally meaningful AA absorption is interdicted (Stein et al., 2007) . This has been termed the inevitable endogenous ileal flow (IEIF) (Akinde, 2016) .
Being unrecoverable losses, the AA used up in IEIF are replaced via dietary sources. Thus this fundamental cost impacts the physiological-cum-economic efficiency of feed proteins. Apart from being a model input when AA requirement is determined via factorial simulation (Moughan and Fuller, 2003) , IEIF is further used in the C 2017 Poultry Science Association Inc. Received October 22, 2016 . Accepted April 25, 2017 Corresponding author: david.akinde@fusionbiosystems.com standardized ileal digestibility (SID) system for the integration of feed evaluation, AA requirement, and feed formulation.
Thus far the vast majority of published data on IEIF in poultry were obtained in broilers and layer strains (Ravindran and Hendriks, 2004) . Until recently, no report existed in ducks (Akinde et al., 2011; Kong and Adeola, 2013a,b) , although there is evidence of species differences in IEIF in poultry (Siriwan et al., 1993; Kong and Adeola, 2013a,b) .
Changes in the amount and composition of IEIF could be linked to dietary soybean oil (SO) supplementation (De Lange et al., 1989) or crude fiber (CF) (Akinde et al., 2010) . Physiological factors like age and body weight (BW) as well as dry matter intake (DMI) have similarly been postulated as modulators of IEIF (Ravindran and Hendriks, 2004) . However these factors are difficult to study, often mutually confounding. The precise unit to compare IEIF data needs to be settled as well.
This investigation aimed to measure the response in IEIF of individual AA in Pekin ducks to quantitative and qualitative variations in intake of CF, and to changing SO intake. How the estimates were impacted by age when related to BW or DMI as well as their quantitative significance to dietary required levels of key AA were addressed. The methodology used was the linear regression approach based on proportional relationship between ileal flow and intake of individual AA and crude protein (CP) (for review see Akinde, 2016) .
MATERIALS AND METHODS

Dietary Treatments
A set of 3 basal CP (20, 60, or 100 g/kg) diets were used as foundational diets in these investigations. These basal diets have their total CF level set at 30 g/kg to represent the low CF (LCF) series. These diets further had their SO level minimized to 40 g/kg to represent the low SO (LSO) condition. Therefore the foundation diets were designated LCF or LSO series respectively when dealing with the CF or SO effect on inevitable flow. In experiment 1 the basal diets had their CF level increased to 80 g/kg to generate the high CF (HCF) series. The resulting 6 diets were similar in every other respect. In experiment 2 the basal diets were varied in either CF or SO concentration so as to separately generate the HCF or high SO (HSO) series. To obtain the HCF, a CF supplement different to that used in experiment 1 was used to increase CF to 80 g/kg at all basal CP levels. To obtain HSO another set of the basal diets had their SO level increased to 100 g/kg. Thus in experiment 2 nine diets were formulated including the 3 basal CP diets.
Diets were produced in each experiment from an all protein premix referred to as N + (N plus) blend. This blend was designed to have all essential AA at a hypothetical ideal balance to lysine (Lys) based on AA requirements in ducks (Baker and Han, 1994) . Different weights of it representing the desired CP levels were then diluted with oil, corn starch, and a mineral premix containing TiO 2 as an indigestible marker. This approach ensured that protein/AA balance is similar at all CP level. Synthetic α-cellulose or corn cob meal (CCM) (397 g/kg CF) as CF source was incorporated by replacing starch so as to vary total CF in experiment 1 or 2, respectively. Starch was similarly replaced to vary SO level across diets in experiment 2. Diets were pelleted without steam through a 3 mm die. The full ingredients and analyzed compositions of the respective diets are reported in Tables 1 and 2 for experiments 1 and 2, respectively. These tables confirmed similarity in dietary AA balance within and between experiments with averages of 4.2, 1.6, 3.1, 3.2, 0.9, 4.5, 4.9, 9.9, 3.9, 5.0, 6.9, 4.0, 29.4, 5.3, 10.7, and 5 .0 g/16 g N for Lys, methionine (Met), cysteine (Cys), threonine (Thr), tryptophan (Trp), valine (Val), arginine (Arg), isoleucine (Ile), leucine (Leu), alanine (Ala), aspartic acid (Asp), glycine (Gly), glutamic acid (Glu), phenylalanine (Phe), proline (Pro), and serine (Ser) in experiment 1. Corresponding values across experiment 2 diets were 3.8, 1.3, 2.6, 2.8, 0.8, 3.3, 3.8, 8.3, 3.2, 4.5, 6.0, 3.5, 24.4, 4.5, 7.8 and 4 .2 g/16 g N. On the other hand in experiment 2, variation in SO inclusion and in the changing formula level of other vegetable feedstuffs caused analyzed crude fat to vary between 62 and 102 g/kg on as-fed basis in HSO diets compared to 18 to 51 g/kg in the basal (LSO) series (Table 2) .
Ducks Handling, Feeding, and Sampling
The ethics committee of the University of HalleWittenberg reviewed and approved all feeding and experimental details of this research in compliance with German animal welfare regulations. Improved broiler strain of white Pekin ducks (Stolle Seddin Vital, Georg Stolle GmbH, Westerscheps, Germany) from same hatch were used in these studies. A base pool of 350 day-old of equal sex was purchased for experiment 1, while 600 newly hatched males were obtained for experiment 2. Prior to initiation of measurements these birds were reared in environmentally controlled facilities at the University Research Centre for Animal Sciences Merbitz. The lighting regime and room temperature protocol were in accordance to published standards prescribed for ducks (DLG publication Nr 292). Water and feed were provided ad libitum. Automatic nipples with attached cups were used to supply water, while feed was provided fresh in automatic feeders. Ducks were fed similar standard commercial feeds until initiation of the study. The commercial starter diet contained 225 g/kg CP, 2,912 kcal/kg MEn, 33 g/kg CF, 8.1 g/kg Ca, and 7.2 g/kg total P. The commercial finisher diet contained 178 g/kg CP, 3,010 kcal/kg MEn, CF 31 g/kg, 10 g/kg Ca, and 7 g/kg P.
Experimental Design and Ileal Sampling Assay
In experiment 1 a total of 192 ducks were selected from the base pool based on sex, BW, and good health appearance at day 85 of age. They were completely randomly allotted to 24 floor pens (2 m 2 in size) of 8 ducks at mean BW of 3.69 ± 0.3 kg/duck. Pens were allocated at random to one of the 6 dietary treatments to have 2 pens per sex per diet. Feed was offered ad libitum through a self-feeder in each pen while an automatic watering device provided water ad libitum as well. After 5 days feeding the birds were weighed again and thereafter asphyxiated in CO 2 chamber. Each carcass was dissected to expose the small intestine which was then ligated anterior to Meckel's diverticulum and 2 cm anterior to the ileo-cecal-colonic junction. Digesta were carefully flushed into plastic containers with demineralized water and pooled on a pen basis. These were immediately frozen at −20
• C and thereafter freeze dried. At the termination of the experiment, feed remnant in the feeder was deducted from the amounts weighed into the feeder over the feeding period to obtain the feed intake per pen. Furthermore the freeze-dried digesta were ground through 0.5 mm screen in preparation for chemical analysis. Experiment 2 was carried out with a total of 450 male ducks of mean BW 3.98 ± 0.1 kg/duck which were selected randomly from the base pool at day 65 of age. The birds were sorted into 45 floor pens of 10 ducks each. The 9 dietary treatments were then completely randomly allocated to the pens to have 5 pens of per diet. Other protocols were as described for experiment 1.
Chemical Analysis
Ground samples of diets were analyzed for content of DM, total N, and crude fat (petroleum ether extract) based on official protocols enunciated by VDLUFA (Naumann and Bassler, 1976) . Total N was analyzed using a Kjeltec Auto 1030 Analyzer (Tecator AB, Höganäs, Sweden). Crude protein was derived as N × 6.25. Amino acids were determined in diets and freeze-dried digesta using standard protocols previously described by Rodehutscord et al. (2004) . These analyses were initiated by a performic acid oxidation step, followed by sample hydrolyses in 6 N HCl. Separation and detection of AA were undertaken with an AA analyzer (Eppendorf LC 3000, Hamburg, Germany), using various citrate buffer solutions and ninhydrin. Extinction was determined at 570 nm for all AA except for proline, which was measured at 440 nm. Histidine and tyrosine were not determined. Tryptophan concentration was determined by reversed phase HPLC (Agilent Technologies, 1100 series) as described by Fatufe et al. (2005) . Fluorescence was detected at 280 nm and 355 nm respectively, which corresponded to simulation and emission wavelengths. Concentration of TiO 2 in diets and digesta was determined photometrically as detailed by Brandt and Allam (1987) . Table 2 . Ingredient and analyzed composition of basal crude protein diets (g/kg fresh matter) upgraded from low crude fiber (LCF) to high crude fiber (HCF) or high soybean oil (HSO) in experiment 2. 
Calculations and Curve Fittings
Feed intake was expressed on the basis of DMI (g/d). Accretion of BW (g/d) was calculated as difference between average initial and average final BW per pen over the 5 d feeding period. A pen from treatment 1 of experiment 1 was removed from the final computations due to feed refusal while sex was not factored into the analysis due to small sample size. Ileal digestibility of diets (IDD) was derived using the relationship: (1) where TiO 2diet and TiO 2digesta are analyzed TiO 2 levels (mg/kg) in the samples of diet and digesta, respectively; AA/CP diet and AA/CP digesta respectively refer to AA/CP concentrations (mg/kg) in the diet and digesta samples. A 2-way ANOVA was used to evaluate variations in DMI, BW accretion, and IDD. This was carried out using the statistical package of SPSS (version 20.0 for Windows, SPSS Inc., Chicago, IL).
Ileal flow was calculated for each pen according to the following equation:
where parameters are as previously defined in Equation 1. Linear regression was computed between ileal flow and intake expressed in relation to BW as mg/kg BW d −1 or to DMI (mg/kg DMI) for each CF or SO level, using GraphPad Prism (version 5.0, GraphPad Software, Inc., San Diego, California). Each curve was extrapolated to zero AA/CP intake to obtain the y-intercept which was interpreted as IEIF. Difference between y-intercepts between CF or SO levels was tested at a significance level of P < 0.05. The AA profile of inevitable protein flow was computed on the basis of IEIF of each AA as a proportion of IEIF of Gly + Ser (Akinde, 2014b) . To assess the quantitative significance of IEIF on dietary AA recommendation, a select of limiting AA namely Lys Met, Cys, Thr, Trp, Val, Arg, Leu, Ile, Phe, and CP were investigated. Their IEIFs were first transformed into daily outputs in starting and finishing ducks weighing 1 or 3 kg at practical feeding plane of 100 or 200 g/d, respectively. Since IEIF is a net requirement, adjustment was made for inefficiency in the utilization of absorbed AA/CP using 49, 21, or 31% respectively for Val, Trp, or Met (Timmler and Rodehutscord, 2003; Adeola, 2006 ). An efficiency of 50% was assumed for others due to paucity of data. The outcome, which represents the physiological cost of inevitable flow, was thereafter related to their individual total recommended daily intake. Recommended daily intake was recalculated from recommendations for starting/finishing ducks summarized by Adeola (2006) for Lys 9.6/8.6, Met 5.5/4.5, Cys 3.0/3.0, Thr 6.2/5.6, Trp 1.8/1.6, Val 7.7/6.9, Arg 10.4/9.6, Leu 12.8/11.6, Ile 6.9/6.3, Phe 6.4/5.8, and CP 205/175 g/kg diet, respectively. Total rather than digestible AA/CP requirement was used since both luminal digestion and post-absorptive losses were already surcharged in the utilization efficiency value.
RESULTS
Experiment 1
As expected, dietary CP dilution highly significantly (P < 0.001) reduced DMI but was unaffected by CF ingestion (P > 0.05). Dietary CP level also strongly influenced BW accretion (P < 0.001) while again CF level had no effect (P > 0.05). Depending on treatments DMI per duck ranged between 54 and 137 g/d with a mean value of 101 g/d for the whole experiment. Owing to this, accretion of BW was negative at −24.1 ± 7 g BW/day/duck for the whole trial period across treatments, but ducks on 100 g/kg dietary CP treatment had positive BW balance. The IDD of AA/CP increased with increasing CP supply (P < 0.001 to 0.01). At the lowest CP level, IDD was negative regardless of CF intake (except Glu). Negative IDDs occurred because ileal recovery of AA/CP in ducks fed the protein depleted diets originated from endogenous secretions. Detailed individual treatment means of DMI, BW accretion, and IDD are presented in the supplementary data (supplementary Table 6 ).
Linear relationship was confirmed between ileal flow and intake of each AA/CP (r 2 = 0.05 to 0.80), regardless of CF level. This is illustrated with Gly in Figure 1 , upper panel. Extrapolated y-intercepts of the linear LCF and HCF fits are reported in Table 3 . Difference between the two y-intercepts was observed to be insignificant for all AA/CP (P = 0.2 to 0.9). Therefore the null hypothesis was accepted and pooled intercepts computed to represent IEIF, as shown in Table 3 . The relationships between ileal flow and intake of all AA/CP expressed on the basis of DMI also did not deviate from linearity (r 2 = 0.23 to 0.28), for both CF levels (data not shown). Moreover a CF effect between the y-intercepts was not found (P > 0.05, for all AA/CP). Corresponding pooled intercepts designated as IEIFs are shown in Table 4 .
Experiment 2
Ducks in this experiment consumed allotted feeds sufficiently well to attain 229 g/d and 240 g/d DMI across treatments as per the CCM and SO sub-studies, respectively. But protein dilution still stunted BW accretion to 2.4 ± 6 g/day/duck when pooled for the whole experiment. Similar to experiment 1 deficient CP supply at 20 g/kg of diet resulted in negative IDD for most AA in the CF study but only Lys, Thr, Trp, and Gly had negative IDD in the SO investigation (see supplementary data). Dietary CP level (P < 0.001) but not CF or SO had significant effect on IDD of AA/CP. Full information on effects of diets on DMI, BW accretion, as well IDD of AA/CP in the CF and SO sub-studies Table 3 . Comparative estimated y-intercepts (mg/kg BW ±SE) and corresponding Anova (P < 0.05) of linear regression between intake and flow of amino acids and crude protein in Pekin ducks fed low (LCF) or high crude fiber (HCF) level in experiments 1 and 2 and those fed low (LSO) or high soybean oil (HSO) level in experiment 2. Tables 7 and 8, respectively) .
At both levels of CF or SO, again ileal flow linearly depended on intake of AA/CP expressed in mg/kg BW d −1 (r 2 = 0.04 to 0.64) or mg/kg DMI (r 2 = 0.0002 to 0.27). An example graphic is provided using Gly in Figure 1 (lower panel, CCM data).
In the CCM study extrapolated y-intercepts were statistically similar between CF levels for all AA/CP (P = 0.4 to 0.8). Related pooled intercepts are nested in Table 3 . Similarly no evidence of a CF effect was found between y-intercepts computed from flow functions based on DMI (Table 4) .
Results of the study on impact of SO on IEIF paralleled those of the other sub-investigations for pooled intercepts, see Tables 3 and 4 . Indeed the observed probability that y-intercepts differed between SO alternatives was greater than the α value of 0.05 for every AA/CP whether regressions were based on mg/kg BW d −1 (P = 0.5 to 0.9) or mg/kg DMI (P = 0.6 to 1.0).
The AA profile of inevitable protein was pooled for the whole experiment since there was no effect of CF or SO. As shown in Table 5 , results demonstrate similarities in the AA profiles across the two experiments. Glutamic acid, Asp, Leu, Pro, Ser, and Thr in experiment 1 and Glu, Asp, Leu, Thr, Lys, Ser, Gly, and Ala in experiment 2 individually constitute ≥50% of the IEIF of Gly + Ser. Figure 2 graphically shows predicted replacement cost of IEIF of key limiting AA/CP relative to their individual nutritional recommendation in starting and finishing Pekin ducks. Cysteine, Thr, and Trp were the AA for which the largest proportion of their daily required intake is consumed by inevitable flow. Arginine and Met have the lowest need to service ileal inevitable flow cost, relative to their daily required intake. Results also suggest that across investigated AA/CP replacement cost requirement increase by between 3 and 16% in the finisher phase, relative to the starter phase. Steps for the computations of these figures are shown in the supplementary section.
Supplementary Data
Detailed ANOVA results of DMI, BW accretion, as well IDD of AA/CP are presented in supplementary  Table S6 for experiment 1. Corresponding information are summarized on supplementary Tables S7 and S8 for the CF and SO investigations of experiment 2, respectively. Supplementary Table S9 shows the computation steps to the assessment of the significance of IEIF in nutritional requirement of limiting AA in ducks.
DISCUSSION
The present responses were determined using the linear regression approach. This technique requires evidence of linear relationship between ileal flow and ingestion of N (AA/CP). This precondition was wholly satisfied in this research (examples in Figure 1 ). The linear methodology further assumes that the inevitable flow is constant at all levels of N intake. This assumption was given credence to in a recent literature evaluation where evidence of inelasticity in IEIF at Table 4 . Pooled y-intercepts (mg/kg DMI ±SE) of linear regressions between intake and ileal flow of amino acids and crude protein in Pekin ducks determined in this research compared to published estimates of inevitable ileal flow measured in Pekin ducks fed protein free diets. Lys  44  51  36  Met  14  15  11  Cys  36  27  32  Thr  50  54  44  Trp  10  14  7  Val  48  45  54  Arg  38  43  45  Leu  65  68  65  Ileu  34  38  38  Ala  45  50  41  Asp  74  81  71  Gly  49  50  50  Glu  101  114  92  Phe  39  37  37  Pro  63  47  57  Ser  51  50  50 1 Amino acid balance was calculated using the sum of the inevitable flow of Gly and Ser as reference.
2 This calculation used Gly + Ser as reference because the sum of the flow of both amino acids consistently dominates the ileal inevitable flow in poultry (Akinde, 2016; Akinde, 2014a) .
3 Based on means of the inevitable flow of amino acids and crude protein presented on Table 4 for Kong and Adeola (2013a,b). progressing AA intake was found in broilers (Akinde, 2016) .
However the present linear fits are associated with low coefficient of determination (r 2 ) (Tables 3 and 4, footnotes). This problem probably reflects the low magnitude of both predictor and response variables in the linear model. Indeed total ileal flow was below 500 mg/d for most AA (data not shown), concomitant with deficient status of CP ingestion. This subdued intake and flow of AA actually was a methodological trade-off deliberately imposed in order to shorten the extrapolation of AA flow to zero AA intake. A short extrapolation is a prerequisite for valid low error estimation of inevitable flow. That this prerequisite was met reflected in all y-intercepts having relatively low SE of estimation (Tables 3 and 4) . In this research the IEIF of all AA/CP did not respond to high ingestion of CF from synthetic cellulose or CCM fiber. This corroborates our earlier observation at excreta level affirming that cellulose fiber does not modulate whole gut inevitable N losses in ducks (Akinde et al., 2010) . Previous observations in broiler chickens however suggest a positive correlation between fiber intake and basal ileal AA/CP flow (Siriwan et al., 1989; Angkanaporn et al., 1994) . This discrepancy could relate to differences in the amount and type of CF tested in the two species, and to underlying differences in gastrointestinal dynamics between broilers and ducks. Interestingly a recent broiler study on potential interaction between cellulose fiber intake and IEIF using the linear regression approach as done currently, likewise demonstrated the hypertrophic effect of elevated ingestion of CF on IEIF (Kluth and Rodehutscord, 2009 ). This suggests that differences in (data table presented on supplementary Table 9 -inevitable ileal flow was extrapolated to starting or finishing ducks respectively ingesting 100 or 200 g/d ration, formulated to optimal specifications summarized by Adeola (2006) and resupplied from whole-body protein pool at published or assumed metabolic efficiency).
research methodology are not the basis for the differing responses between broilers and Pekin ducks. A more plausible hypothesis is disparity in digestive physiology between Pekin ducks and broilers (Jamroz et al., 2002a) . Under high non-starch polysaccharide alimentation Jamroz et al. (2002b) found that ducks degraded individual soluble, insoluble, and total nonstarch polysaccharide residues in the small intestine to significantly greater extents than chickens and geese. It is possible that the forces producing differences in fiber utilization such as enzyme activities (Jamroz et al., 2002a) between these 2 avian species are further behind dissimilar responses of their individual IEIFs to high CF intake. Additionally, the sheer magnitude of IEIF in ducks is considerably higher to that of broilers. Inevitable flow of AA in ducks represent on average about 504% of the ileal output in broilers (Kong and Adeola, 2013a,b) . Such quantitative flooding of the distal ileum with AA might abrogate any arising impact of CF on inevitable excretions in Pekin ducks. This is the first study to determine the relationship between high SO intake and IEIF in birds. In 45 to 60 kg barrows de Lange et al. (1989) and Imbeah and Sauer (1991) showed that increased intake of canola oil does not alter ileal or fecal endogenous N flow. Our research with SO concurred with both although the pigs were fed protein free diets. The question of SO effect is practically relevant. Based on its extra metabolic effect oil supplementation is a tool to improve feed utilization (Mateos et al., 1982) . High oil ingestion also has protein sparing effect (Li and Sauer, 1994) . These benefits may be linked to improved luminal retention of AA or decelerated intestinal transit time (Sell et al., 1983) . Dietary oil could as well modulate the efficiency of synthesis/reabsorption of gut secretions. Whether the inevitable AA flow has any role in these connections is not supported by the present data. Further clarifications with other oil/fat types are warranted.
In this study estimated IEIF expressed in regard to BW are homogenous for individual AA across the 3 studies. This trend is remarkable because although mean BW was similar across all studies (3.63 kg to 4.0 kg/duck), nevertheless there was a 20 d age gap (89 cellulose study, vs. 69 CCM and SO studies) across the studies. Moreover mean DMI differed by >110 g/d (101 vs. 229 vs. 240 g/d, respectively, for cellulose study, CCM and SO studies) across studies. Thus means were calculated, whereby overall ascending trend found in this research was 14.3, 17.7, 31.5, 44.0, 44.2, 50.5, 54.6, 56.8, 57.7, 58.2, 58.4, 60.0, 60.7, 78.9, 90.3, 129.8, and 1,247 .0 mg/kg BW d −1 , respectively, as IEIF for Trp, Met, Cys, Phe, Ileu, Arg, Val, Ala, Gly, Lys, Ser, Pro, Thr, Leu, Asp, Glu, and CP.
Unlike BW, the computation of IEIF on the basis of DMI caused huge variations between estimates in experiment 1 and those obtained in experiment 2 (Table 4 ). In this case ducks in experiment 1 had IEIF of AA which on average was ∼326% greater than corresponding estimate in experiment 2, while DMI differed by ∼135 g/d between experiments. Based on the peptide alimentation method Ravindran and Hendriks (2004) reported that the ileal flow of endogenous AA in relation to DMI were significantly higher in 42 d than in 14 d old broilers. The trend found by these authors concurred with the current investigation. But the broilers observed by Adedokun et al. (2007) had a higher rate of endogenous flow at 5 d than at 15 or 21 d of age. Further experimental work is required to dissect the modulation of IEIF by DMI in poultry. The effect of DMI on IEIF observed in this study has implication for the application of IEIF in the SID system. It cautions that IEIFs should be measured at or standardized to DMI level relevant to practical conditions; at least because SID databases apply/refer to practical feeding conditions. In the case of Pekin ducks, a feed intake level of 200 g DM/d is expected in practical systems for adult ducks (Adeola, 2006) . This figure is similar to the DMI level observed in experiment 2, indicating that birds in this experiment were in a more "normal" and practically relevant physiological status, relative to experiment 1. Thus on the basis of DMI, average of estimates for individual AA/CP obtained in experiment 2 is concluded as their respective IEIF (Table 4) . Interestingly the computed means (except for Lys, Cys, Thr, Try, Val, Glu, and Pro) are comparable to previous findings in 26 d old Pekin ducks fed protein free diets (Kong and Adeola, 2013a,b) (Table 4) .
The debate on whether DMI or BW is the right denominator to compare IEIF data is still unresolved. Due to growing interest in the SID system, majority of recently published IEIF data are based on DMI (Kong and Adeola, 2013a,b) . Nevertheless using BW is more physiological since IEIF is primarily an aspect of AA metabolism normally related to metabolic BW (Gfe, 1999) . A challenge with BW however is the need to build consensus on the right exponent to express BW. Exponents such as 0.62, 0.66, 0.6656, 0.67, 0.73, 0.75, and 1.0 have been used in different investigations in broilers and laying hens (Gfe, 1999) .
Quantitative trends in IEIFs determined in this investigation varied highly among AA (Tables 3 and 4) . Tryptophan always had the lowest flow while Glu consistently had the highest flow rates, in agreement with work done by Kong and Adeola (2013a,b) . Between experiments 1 and 2, while DMI altered IEIF of AA, the AA profiles in the inevitable protein flow are similar for both experiments (Table 5 ). Ravindran and Hendriks (2004) similarly found insignificant differences between the AA profiles of ileal endogenous protein flow in 14 d and 42 d broilers. There is as well a fascinating similarity between the present profiles and those recalculated for Pekin ducks on protein free diets (Kong and Adeola, 2013a,b) (Table 5 ). This suggests that the AA composition of inevitable protein flow in ducks is constant. The dominance of Glu, Asp, Leu, Pro, and Ser found in the inevitable protein flow in the present ducks is in agreement with other poultry observations (Ravindran and Hendriks, 2004; .
Intermediary AA utilization prioritizes basal and supports costs (including IEIF) in the partitioning of metabolically available AA intake (Moughan and Fuller, 2003) . Our model computations suggest that this partitioning is quantitatively significant to dietary AA recommendations in ducks. Depending on the AA/CP, between 10 and 64% of the recommended intake is metabolized to replace inevitable flow in ducks. Comparable data are scarce in poultry. In ileostomy human subjects Fuller et al. (1994) found that ileal losses account for 14 to 33% of the daily maintenance requirement of most AA, except Thr which more than double the rest at 61%. Clear age segregations also emerged in our simulations. While in the starter phase IEIF replacement cost is 10 to 38% of total dietary recommendation across AA/CP, higher corresponding values of 16 to 64% were predicted at the finisher phase. This can be supported by the notion that maintenance metabolism and other metabolic AA costs gain greater significance with advancement in age (Moughan and Fuller, 2003; Coon, 2004) . Specifically Trp, Thr, and Cys stand out in particular, because ≥20% (starter phase) or >30% (finisher phase) of their individual required intake will have to cover for obligatory ileal losses ( Figure 2 ). As for Thr and Cys this is not surprising due to their high alimentary fluxes -especially in first-pass splanchnic metabolism (Burrin, 2002; Akinde, 2014b) . But Trp is not reputed in enteral flows. The plausible explanation for our Trp result is its high metabolic inefficiency (Adeola, 1998) coupled with its quantitatively low dietary recommendation (Adeola, 2006) . The present simulations might also be questioned for using IEIFs obtained from adult birds to model for both starter and finisher ducks. The rationale is that so long BW is accounted for, daily gut inevitable N losses is numerically similar between ducklings and adult ducks (Akinde et al., 2010) .
In conclusion the rates of inevitable endogenous ileal flow of individual amino acids in Pekin ducks are neither affected by ingestion of high level of crude fiber from cellulose or corn cob meal nor by increased intake of soybean oil. Increment in age within the age phase studied also did not correlate to changes in the inevitable ileal flow, but the unit used to express the estimates is critical when dry matter intake differs between investigations. Additionally the inevitable endogenous ileal flow accounts for a significant but varied proportion of recommended daily optimal intake of limiting amino acids/crude protein in line with rearing phases and dietary nitrogen source.
SUPPLEMENTARY DATA
Supplementary data are available at PSCIEN online. Supplementary Table 6 . Dry matter intake (g/d/duck), BW accretion (g/d/duck), and ileal digestibility of diet of amino acids and crude protein (%) in Pekin ducks fed basal crude protein diets at low (30 g/kg) or high (80 g/kg) crude fiber (CF) concentration in experiment 1. Table 7 . Dry matter intake (g/d/duck), BW accretion (g/d/duck), and ileal digestibility of diet of amino acids and crude protein (%) in Pekin ducks fed basal crude protein diets at low (30 g/kg) or high (80 g/kg) crude fiber (CF) concentration in the corn cob meal fiber sub-study of experiment 2. 
